The theoretical status of Higgs boson production and decay at the Tevatron within the Standard Model and its minimal supersymmetric extension is reviewed. The focus will be on the evaluation of higher-order corrections to the production cross sections and their phenomenological implications.
Introduction
The search for Higgs bosons is of primary interest for present and future experiments. In the Standard Model SM] the existence of a single Higgs particle is predicted as a consequence of electroweak symmetry breaking by means of the Higgs mechanism 1]. The direct search at the LEP experiments leads to a lower bound of 90 GeV 2] on the value of the Higgs mass, while triviality and unitarity constraints require the Higgs mass to be smaller than O (1 TeV) . At the upgraded Tevatron experiment, a p p collider with a c.m. energy p s = 2 TeV, SM Higgs bosons will mainly be produced via gluon fusion gg ! H and the Drell{Yan like production! W ! WH. Since an intermediate mass Higgs boson will dominantly decay into b b pairs, the QCD background of b b production will be too large to allow for a detection of the Higgs boson produced in the gluon fusion process. Recently it has been shown that a detection of the Higgs boson from W fusion WW ! H seems to be impossible due to the overwhelming QCD background 3]. Thus, the primary possibility to nd the SM Higgs boson at the Tevatron will be via the Drell{ Yan like process. Careful studies have shown that a discovery of the SM Higgs boson at the upgraded Tevatron might be possible for Higgs masses up to about 120 GeV 4] . Apart from the dominant b b decay 4] it turned out that a discovery may also be feasible via the H ! + ? decay 5] in H + W=Z production, while the gold-plated mode of the LHC, gg ! H ! ZZ ! 4` , is hopeless at the Tevatron 4] . Recently it has been found that there is also the possibility to detect the processes gg ! H ! W W !` jj;`+`? by using the strong angular correlations among the nal state leptons 6].
The SM Higgs mass is unstable against quantum uctuations in the context of grand uni ed theories, which force the Higgs mass to be of the order of the GUT scale M GUT 10 16 GeV. The most attractive solution to this hierarchy problem is provided by the introduction of supersymmetry. The minimal supersymmetric extension of the SM MSSM] requires two Higgs doublets, leading to the existence of 5 elementary Higgs particle, two neutral CP-even (h; H), one neutral CP-odd (A) and two charged ones (H ). At treelevel the mass of the light scalar Higgs boson h is restricted to be smaller than the Z mass M Z . However, radiative corrections to the MSSM Higgs sector are large, since they increase with the fourth power of the large top quark mass m t . They enhance the upper bound on the light scalar Higgs mass to M h < 135 GeV 7] .
For the discovery at the Tevatron the light scalar Higgs boson h will mainly be produced via! W=Z + h analogously to the SM case. However, for large tg the associated production meachanisms; gg ! b b+h=A become competitive due to the enhanced Yukawa couplings to b quarks. Finally, similar to the LHC the light scalar Higgs may be detectable in SUSY particle production process via the decay~ 0 In the MSSM the decays h; H ! WW; ZZ are suppressed by kinematics and, in general, by SUSY couplings and are thus less important than in the SM. Their branching ratios turn out to be sizeable only for small tg or in the decoupling regime, where the light scalar Higgs particle h reaches the upper bound of its mass. Decays into SUSY particles Higgs decays into charginos, neutralinos and third-generation sfermions can become important, once they are kinematically allowed 13] as can be inferred from Fig. 3 , which shows the branching ratios of the heavy Higgs bosons into gauginos and squarks as functions of their masses for a special SUSY scenario. Thus they could complicate the Higgs search at the Tevatron, since the decay into the LSP will be invisible. The most relevant SM Higgs production mechanism at the Tevatron is Higgs-strahlung o W; Z bosons! W =Z ! W=Z + H. The cross section reaches values of 10 ?1 { 1 pb in the relevant Higgs mass range M H < 120 GeV, where this production process may be visible at the Tevatron 4], see Fig. 4 . The QCD corrections coincide with those of the Drell-Yan process and increase the cross sections by about 30% 14, 15] . The theoretical uncertainty can be estimated as 15% from the remaining scale dependence. The dependence on di erent sets of parton densities is rather weak and leads to a variation of the production cross sections by about 15%. Until now the full QCD corrections are unknown so that the cross sections are only known within about a factor of 2. However, the QCD corrections are known in the limit of light Higgs particles compared with the heavy quark mass, which is applicable for t t+h production 16]. In this limit the cross section factorizes into the production of a t t pair, which is convoluted with a splitting function for Higgs radiation t ! t + h. This reults in an increase of the cross section by about 20{60%. However, since this equivalent Higgs approxiamtion is only valid within a factor of 2 the result may not be su ciently reliable. Moreover, it is not valid for bottom quarks, which are more relevant for the Tevatron.
In the opposite limit of large Higgs masses M H M Q large logarithms log M 2 H =M 2 Q arise due to quasi-on-shell t-channel quark exchanges, which can be resummed by absorbing them into the heavy quark parton densities. After adding the processes; gg ! b b+ , gb ! b + and b b ! , after the logarithms have been subtracted accordingly, the nal result turns out to be about a factor of 2 larger than the pure; gg ! b b + processes 17]. However, there are additional sources of large logarithms, e.g. Sudakov logarithms from soft gluon radiation and large logarithms related to the Yukawa coupling, which will appear in the NLO cross section. Thus, a full NLO calculation is needed in order to gain a satisfactory theoretical prediction of these production processes. In this analysis the scales of the parton densities have been The two-loop QCD corrections enhance the gluon fusion cross sections by about 60{ 100% and are thus large 19]. They are dominated by soft and collinear gluon radiation in the SM and for small tg in the MSSM 22] . The remaining scale dependence yields an estimate of 15% for the theoretical uncertainty. The dependence of the gluon fusion cross section on di erent parton densities amounts to about 15%. The K factor remains nearly the same after including squark loops, since the dominant soft and collinear gluon e ects are universal, thus suppressing the (s)quark mass dependence 20].
Recently the analytical QCD corrections to Higgs + jet production have been evaluated in the limit of heavy top quarks, but there is no numerical analysis so far 23]. WW=ZZ ! H Vector boson fusion WW=ZZ ! H in the SM leads to a sizeable cross section at the Tevatron, see Fig. 4 . Since there are two forward jets in the full process! WW=ZZ +! H + qq, one may hope to be able to suppress the QCD backgrounds by appropriate cuts. Unfortunatly it turned out that this is not possible 3].
The QCD corrections can easily be obtained in the structure function approach from deep inelastic scattering. They are small enhancing the cross section by about 10% 15, 24] . In the MSSM vector boson fusion is additionally suppressed by SUSY couplings and thus unimportant at the Tevatron.
Higgs pairs
Light scalar Higgs pair production gg ! hh yields a sizeable cross section at the Tevatron with > 10fb 25, 26] . The cross section for; gg ! hA is of similar size in some regions of the MSSM paramater space see Fig. 6 ]. Since the process gg ! H ! hh is sensitive to the trilinear coupling Hhh it is important for a partial reconstruction of the Higgs potential. One may hope that the dominant b bb b; b b + ? nal states can be extracted from the QCD backgrounds due to the di erent event topologies. The two-loop QCD corrections have recently been calculated for gg initial states in the limit of heavy top quarks, thus leading to a reliable result for small tg ]. They enhance the gg ! hh; hA production cross sections by about 70{90% and the Drell{Yan-like! hA cross section by about 30% 26] . 
